Abstract Herein we report an unprecedented metal-free TBAI/TBHP mediated C-N bond formation via intramolecular cyclization of 2-(hydroxymethyl)benzamides to furnish N-substituted phthalimides in excellent yields.
Phthalimides are frequently encountered as core structures in natural products, pharmaceuticals and agrochemicals, 1 and phthalimde derivatives play a role in histone deacetylase (HDAC) inhibition. 2 Some selected examples are shown in Figure 1 .
The traditional strategy used for the synthesis of phthalimides involves condensation of phthalic acids or anhydrides and primary amines in refluxing organic solvents. However, due to lengthy reaction times or the use of expensive auxiliary reagents, such methods are not entirely satisfactory. In recent years, several significant novel approaches that provide ready access to phthalimides have been reported. Hong and co-workers 3 used ruthenium in the presence of a ligand for the synthesis of cyclic imides from diols. Others have converted phthalic anhydrides into phthalimides under HMDS-Lewis acid conditions 4 or by using lanthanide oxides. 5 Amino alcohols have been converted into lactams under Ru-catalysis, 6 OSU-6 has been used to catalyze transamidation of acids and esters 7 and enamines and amines have been oxidatively coupled. 8 With the aim of replacing transition-metal-assisted protocols, this communication describes our efforts towards the development of a new synthetic method using metalfree catalyst systems. To date, no procedures have been developed for the preparation of phthalimides via tetrabutylammonium iodide (TBAI)/tert-butyl hydrogen peroxide (TBHP)-mediated intramolecular oxidative cyclization of 2-hydroxymethylbenzamides. Herein, we report an alternative approach for the synthesis of substituted phthalimides starting from 2-hydroxymethylbenzamides.
We started our investigation into the TBAI-catalyzed intramolecular cyclization of 1aunder the following reaction conditions: TBAI (0.2 mmol), H 2 O 2 (5 mmol) in tetrahydrofuran (THF) at 80 °C for 12 h, whereupon the desired 2-benzylisoindoline-1,3-dione 2a was obtained in 8% yield (Table  1, entry1 ). Encouraged by this result, we screened a variety of oxidants (entries 2 and 3), and found that the product yield could be improved to 43% when TBHP was used as the oxidant (entry 3). We then moved to solvent screening and found EtOAc at reflux to be the most efficient solvent for this transformation, affording 2a in 96% yield (entry 4). Furthermore, the same reaction under optimized reaction conditions but at room temperature gave only trace amounts of 2a (entry 5). 
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Various catalysts were then screened (Table 1 , entries 6-8). As expected, in the absence of catalyst and oxidant (TBAI/TBHP in EtOAc) no product was observed (entries 9 and 10); whereas reaction without added oxidant but open to the atmosphere furnished 24% yield of the product (entry 11). The synthetic protocol disclosed herein involves C(sp 3 )-N bond formation, and N-substituted phthalimides can be synthesized in good yields from 2-(hydroxymethyl)benzamides. After establishing the optimized reaction conditions, next we explored the substrate scope of this reaction (Scheme 1). All the required substrates were prepared by using a procedure from phthalides and amines in the presence of AlCl 3 at room temperature to give the corresponding 2-(hydroxymethyl)benzamides 1a-q in good yields. 9 Initially, we studied the effect of the substituent on the amine component. Substrates with electron-withdrawing or -donating groups such as Cl, OMe on the phenyl ring furnished the desired products 2b and 2c in 91% and 90% yield, respectively (Scheme 1). N-Aliphatic linked substrates 1d, 1e, 1f, and 1i were also successful under these reaction conditions, affording the products 2d (78%), 2e (84%), 2f (92%), and 2i (67%), respectively. We also examined chiral substrates 1g and 1h, and found excellent conversion into 2g (92%) and 2h (85%), respectively, without any racemization. Heteroatom containing thiophene 1k and pyridine 1l substitution were tolerated well, with the reaction conditions delivering the corresponding products 2k (81%) and 2l (87%), respectively. 2-(Hydroxymethyl)benzamides 1m-q also underwent facile oxidative cyclization to give the corresponding phthalmides in good yields (71-87%); the exception being 1q, which gave a moderate yield of 2q (52%).
Based on the above results, a plausible mechanism for the TBAI/TBHP mediated oxidative cyclization of 1a is shown in Scheme 2. On the basis of reported precedent, 10 the reaction is proposed to be initiated by TBAI, which, when reacted with TBHP, initially generates tetra-n-butyl ammonium hypoiodite A, which is further oxidized by TBHP to produce iodite complex B. Subsequently, intramolecular cyclization takes place at the benzylic position of 1a, mediated by iodite B, to afford intermediate C in which proton transfer from quaternary ammonium ion followed by dehydration gives rise to iminium ion D. The released hypoiodate A can be reoxidized by TBHP to regenerate B. Finally, addition of water and subsequent oxidation of D produces the desired product 2a. 
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Scheme 2 Proposed reaction mechanism for the conversion of 1a into 2a
In conclusion, we have demonstrated a simple oxidative cyclization to produce phthalimide derivatives. The method uses commercially available reagents TBAI and TBHP and the single-step protocol offers an atom-economical strategy. The precursor acyclic amides are readily accessible from benzoic acid derivatives.
TLC analysis was performed on Merck 60 F254 silica gel plates and the developed plates were visualized by exposure to ultraviolet light and/or α-naphthol charring. Organic extracts were dried (Na 2 SO 4 ), filtered, and concentrated under reduced pressure in a Büchi rotary evaporator. All column chromatographic separations were performed using silica gel (SiO 2 ; 60-120 mesh) with EtOAc and hexane as eluents. 1 H NMR spectra were recorded at 400 and 500 MHz (using TMS as reference), and 13 C NMR were recorded at 100 and 125 MHz (using the CDCl 3 triplet centered at δ = 77.0 Hz as reference) in CDCl 3 as solvent at ambient temperature. Data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet), and coupling constants (Hz). Chemical shifts (δ) are reported in parts per million (ppm) and coupling constants (J) are given in Hz. Mass spectrometry was performed in ESI mode. High-resolution mass spectra (HRMS) were obtained using either a TOF or a double focusing spectrometer. For low (MS) and high (HRMS) resolution, m/z ratios are reported as values in atomic mass units. Melting points were recorded with a Büchi 535 melting point apparatus and are uncorrected.
All chemicals were purchased from Sigma-Aldrich and S.D Fine Chemicals, Pvt. Ltd. India and used as received.
Synthesis of 2-Benzylisoindoline-1,3-diones; General Procedure
The requisite N-benzyl-2-(hydroxymethyl)benzamide (1.0 mmol) was dissolved in anhydrous EtOAc (2 mL). TBAI (0.2 mmol) and TBHP (5.0 mmol, 5 equiv) were added, and the mixture was stirred at 80 °C for 8 h and monitored by TLC. After completion of the reaction, the mixture was cooled to r.t., washed with water (10 mL), dried over anhydrous Na 2 SO 4 , filtered, evaporated under reduced pressure, and the residue was purified by column chromatography (hexane/EtOAc, 10:2) to furnish the product phthalimide. Fluoro-2-(3,4,5-trimethoxybenzyl)isoindoline-1,3- 
2-Benzylisoindoline-1,3-dione (2a)

2-(4-Chlorobenzyl)isoindoline-1,3-dione (2c)
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